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(54) Title of the Invention 

INVERSED F ANTENNA, FEED METHOD THEREFOR, AND ANTENNA 
ADJUSTING METHOD 

(57) [Abstract] (amended) 

[Object] To provide an inversed F antenna and a feed 
method therefor in which the characteristic impedance of a 
feed line matches the input impedance of the antenna in a 
wide range of a frequency band. 

[Solution] There is provided an inversed F antenna 
including a radiation conductor 202, a ground conductor 204 
which is arranged so as to face the radiation conductor 202 
while leaving a space therebetween, a short circuit (short) 
plate 206, as short circuit means, through which the 
radiation conductor 202 is coupled to the ground conductor 
204, and a feed conductor 210 which is provided to extend 
within a space between the radiation conductor 202 and the 



ground conductor 204 and to which a feed line (feed pin) 
208 is coupled, wherein power is fed from the feed -line 
(feed pin) .208 to the radiation conductor 202 through the 
feed conductor 210 . 



[Scope of Claim] 

[Claim 1] An inversed F antenna comprising: 
antenna elements made of conductor; 

a ground conductor which is arranged so as to face 
the antenna elements while leaving spaces therebetween; 

short circuit means through which the antenna 
elements are coupled to the ground conductor; and 

a feed line which feeds power to the antenna elements, 
wherein 

the antenna elements are configured as a double 
structure in which a feed conductor and a radiation 
conductor are separately provided, and power is fed from 
the feed line to the radiation conductor through the feed 
conductor without feeding directly from the feed line to 
the radiation conductor, 

[Claim 2] An inversed F antenna comprising: 
a radiation conductor; 

a ground conductor which is arranged so as to face 
the radiation conductor while leaving a space therebetween; 

short circuit means through which the radiation 
conductor is coupled to the ground conductor; and 

a feed line which feeds power to the radiation 
conductor, wherein 

a feed conductor which is provided to extend within a 
space between the radiation conductor and the ground 



conductor and to which the feed line is coupled is further 
provided, and power is fed to the radiation conductor 
through the feed conductor. 

[Claim 3] The inversed F antenna according to claim 2, 
wherein 

the feed conductor is coupled to the short circuit 
means, and is provided to extend within the space between 
the radiation conductor and the ground conductor from the 
short circuit means. 

[Claim 4] The inversed F antenna according to claim 2, 
wherein 

the feed conductor is apart from the short circuit 
means, and is provided to extend within the space between 
the radiation conductor and the ground conductor. 
[Claim 5] The inversed F antenna according to claims 1 to 4 
wherein 

the radiation conductor is formed in a plate shape 
and the feed conductor is formed in a plate shape while 
having an area overlapped with the radiation conductor and 
leaving a predetermined space therebetween. 

[Claim 6] The inversed F antenna according to claims 1 to 5 
wherein 

at least the radiation conductor, the ground 
conductor, and the feed conductor are formed on a resin 
substrate as a conductor pattern. 
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[Claim 7] The inversed F antenna according to claim 6, 
wherein 

the inversed F antenna is configured as a three-layer 
resin substrate which includes the radiation conductor as a 
first layer pattern, the feed conductor as a second layer 
pattern which faces the radiation conductor to sandwich a 
first resin portion, and the ground conductor as a third 
layer pattern which faces the feed conductor to sandwich a 
second resin portion, and the feed line through which the 
ground conductor is coupled to the feed conductor is 
configured as a through-hole. 

[Claim 8] The inversed F antenna according to claim 7, 
wherein 

the short circuit means which short-circuits the 
radiation colnductor and the ground conductor is formed by 
a short circuit conductor formed on a side face of the 
resin substrate . 

[Claim 9] The inversed F antenna according to claim 7, 
wherein 

the short circuit means which short-circuits the 
radiation colnductor and the ground conductor is configured 
as a through-hole. 

[Claim 10] The inversed F antenna according to claims 1 to 
5, wherein 

at least the radiation conductor, the ground 



conductor, and the feed conductor are formed on a ceramic 
substrate as a conductor pattern. 

[Claim 11] The inversed F antenna according to claim 10, 
wherein 

the inversed F antenna is configured as a three-layer 
ceramic substrate which includes the radiation conductor as 
a first layer pattern, the feed conductor as a second layer 
pattern which faces the radiation conductor to sandwich a 
first ceramic portion, and the ground conductor as a third 
layer pattern which faces the feed conductor to sandwich a 
second ceramic portion, and the feed line through which the 
ground conductor is coupled to the feed conductor is 
configured as a through-hole. 

[Claim 12] The inversed F antenna according to claim 11, 
wherein 

the short circuit means which short-circuits the 
radiation colnductor and the ground conductor is formed by 
a short circuit conductor formed on a side face of the 
ceramic substrate . 

[Claim 13] The inversed F antenna according to claim 11, 
wherein 

the short circuit means which short-circuits the 
radiation colnductor and the ground conductor is configured 
as a through-hole. 

[Claim 14] A feed method in an inversed F antenna, the 
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antenna comprising : 

a radiation conductor; 

a ground conductor which is arranged so as to face 
the radiation conductor while leaving a space therebetween; 

short circuit means through which the radiation 
conductor is coupled to the ground conductor; and 

a feed line which feeds power to the radiation 
conductor, wherein 

a feed conductor is further provided to extend within 
a space between the radiation conductor and the ground 
conductor, and power is fed from the feed line to the 
radiation conductor through the feed conductor by coupling 
the feed line to the feed conductor. 

[Claim 15] An antenna adjusting method in an inversed F 
antenna, the antenna comprising: 
a radiation conductor; 

a ground conductor which is arranged so as to face 
the radiation conductor while leaving a space therebetween; 

short circuit means through which the radiation 
conductor is coupled to the ground conductor; and 

a feed line which feeds power to the radiation 
conductor, wherein 

a feed conductor is provided to extend within a space 
between the radiation conductor and the ground conductor, 
the feed line is coupled to the feed conductor to feed 



power to the radiation conductor through the feed conductor, 
and antenna adjustment is performed by changing the shape 
of the radiation conductor, 

[Detailed Description of the Invention] 

[0001] 

[Technical Field Pertinent to Invention] 

The present invention relates to an inversed F 
antenna, a feed method therefor, and an antenna adjusting 
method such as adjustment of its resonance frequency. The 
present invention relates, particularly, to a technique for 
matching the impedance of the antenna with that of a feed 
line in an inversed F antenna incorporated into a mobile 
communication device, an information device, a home 
appliance, or the like. 
[0002] 
[Prior Art] 

As a small-sized antenna incorporated into a mobile 
communication device, or the like such as a built-in 
antenna of a mobile phone, there has been known an inversed 
F antenna from the past. The inversed F antenna is 
configured in such a manner that an L-shape antenna formed 
by bending a tip end of a A/4 monopole antenna is 
manufactured as a low-profile antenna and a short circuit 
portion is provided around a feed point position to easily 
obtain impedance matching at the feed point. In order to 
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easily obtain the impedance matching by further making the 
linear-shape inversed F antenna low profile and by 
broadening the bandwidth, a horizontal portion with respect 
to the bent ground plate is formed in a plate shape. The 
antenna having this shape is called a plate-shape inversed 
F antenna. 
[0003] 

An example of a conventional inversed F antenna is 
shown in Fig. 1. Fig. 1 shows a basic configuration of the 
plate-shape inversed F antenna which is widely well known. 
Specifically, an inversed F antenna 100 includes, as shown 
in Fig. 1, a rectangular radiation electrode (radiation 
conductor) 102 made of conductive metal such as sheet metal, 
a ground plate (ground conductor) 104 which is arranged to 
face the radiation conductor 102 while leaving a space 
therebetween, a short circuit (short) plate 106, as short 
circuit means, through which one end of the radiation 
electrode 102 is coupled to the ground plate 104, and a 
feed line 108 which feeds power to the radiation electrode 
102. The power feeding to the radiation electrode 102 is 
performed through a coaxial cable configuring the feed line 
108 from, for example, a back surface of the ground plate 
104, and an outer conductor 108a of the coaxial cable is 
coupled to the ground plate 104. A core (or feed pin) 108b 
of the coaxial cable is coupled to the rectangular 
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radiation electrode 102 at an appropriate position so as to 
match the characteristic impedance of the coaxial cable 
with the input impedance of the inversed F antenna 100. 
Specifically, the core (or feed pin) 108b of the coaxial 
cable configuring the feed line 108 is directly attached to 
the radiation electrode 102 for power feeding in the 
conventional inversed F antenna 100 as shown in Fig. 1. 
[0004] 

[Problem to be solved by the Invention] 

In recent years, mobile communications using mobile 
phones and the like have been attracting lots of attention, 
and along with this, further downsizing of mobile terminal 
devices has been required. With the widespread of mobile 
terminal devices, an antenna has been required to have 
broader band characteristics due to the necessity of 
broadening the frequency band of communications to expand 
the communication capacity. On the other hand, there is a 
common problem that if an antenna is more downsized, it 
becomes more difficult to obtain impedance matching with a 

feed line. 

[0005] 

As described above, the inversed F antenna is used as 
a built-in antenna of a mobile phone, or the like in many 
cases, and is regarded as an antenna for which downsizing 
is especially required. Specifications of mobile phones 
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variously differ depending on manufacturers, and 
surrounding environments where the inversed F antenna is 
built in differ from each other in many cases. Further, 
the inversed F antenna is used while being mounted in 
various information devices, home appliances, or the like, 
other than mobile phones. 
[0006] 

As described above, since the inversed F antenna is 
used while being mounted in various devices, if the 
frequency band where the input impedance of the antenna 
matches the characteristic impedance of a feed line is 
narrow, the antenna characteristics are changed and it is 
difficult to use in the case where the mounted state is 
different . 
[0007] 

For example, in the case where the same configuration 
as that of the conventional inversed F antenna 100 shown in 
Fig. 1 is formed on a substrate made of ceramic or resin 
(not shown) , the feed line (feed pin) 108 and the short 
circuit (short) plate 106 become closer to each other on 
the substrate, and it is difficult to match the 
characteristic impedance of the feed line with the input 
impedance of the antenna due to the inductance of the feed 
line (feed pin) 108. Further, the frequency band in which 
the impedance matching can be obtained becomes narrower. 
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Therefore, in the case where the same configuration as that 
of the conventional inversed F antenna 100 is formed on a 
substrate made of ceramic or resin while being adjusted in 
a certain normal state and is used in a communication 
device in a mounted state, difference in electric 
characteristics around the antenna such as the thickness of 
the substrate and the mounted position causes deterioration 
of the matching degree of the antenna and the feed system 
due to the narrow band of impedance matching as described 
above, resulting in significant decrease in sensitivity as 
an antenna . . 
[0008] 

Specifically, in the case where power is fed using, 
for example, a 50Q feed line (feed line with a 
characteristic impedance of 50Q) in the conventional 
inversed F antenna 100 shown in Fig. 1, a feed position (a 
position at which the feed line (feed pin) 108 is coupled 
to the radiation electrode 102) where the impedance 
matching can be obtained is limited to a position closer to 
the short circuit (short) plate 106. In other words, it is 
difficult to obtain the impedance matching. Especially, if 

the inversed F antenna is further downsized, this tendency 

becomes strong. 

[0009] 

As described in, for example, Japanese Unexamined 



Patent Application publication No. H9-98015, while the same 
problem that it. is difficult to obtain impedance matching 
as a result of making the feed pin closer to the short pin 
along with downsizing in a patch antenna is recognized, 
there is an example of disclosing a configuration (which is 
not for the inversed F antenna) for solving the problem. 
However, in the conventional inversed F antenna, an 
effective solution has not been proposed yet in order to 
solve the problem. Accordingly, even in the case where the 
conventional inversed F antenna is further downsized and 
low-profiled, an inversed F antenna with a novel 
configuration which can obtain the impedance matching in a 
broad bandwidth is strongly required as similar to the 
relatively-large conventional inversed F antenna. 
[0010] 

On the other hand, according to the nature of an 
antenna which radiates radio waves into space and receives 
radio waves flying through space, the antenna itself and 
the space around the antenna affect the characteristics of 
the antenna. Therefore, even when the inversed F antenna 
is incorporated into a device such as a mobile phone, if 
there is an object around the antenna, current flows in the 
object, resulting in different characteristics from the 
antenna alone. Therefore, design of the inversed F antenna 
to be incorporated into the device has to be carried out 



while regarding the inversed F antenna and the object 
closer to the inversed F antenna as one antenna system. 
[0011] 

However, if a device such as a mobile phone is 
developed, a cover or the like covering the inversed F 
antenna is usually finished in a later stage of the 
development. Accordingly, if the design of the inversed F 
antenna is started after the final usage condition is 
determined in the later stage, the development of the 
antenna does not possibly meet the deadline due to the 
relation with the development /design period of the whole 
device, and it is difficult because of time. Therefore, 
the antenna incorporated into a device such as a mobile 
phone is required for the following two features: the 
antenna itself is hardly affected by the surrounding 
environments, and is capable of coping with the electric 
characteristics around the antenna in various mounted 
states; and even after a mounted state is determined, it is 
possible to easily adjust the antenna such as shifting of 
the frequency band. 
[0012] 

An object of the present invention is to provide an 
inversed F antenna and a feed method therefor in which the 
characteristic impedance of a feed line matches the input 
impedance of the antenna in a wide range of a frequency 



band and which are capable of coping with the electric 
characteristics around the antenna in various mounted 
states . 
[0013] 

Further , another object of the present invention is 
to provide an inversed F antenna and an adjusting method 
therefor by which antenna adjustment such as shifting of a 
frequency band can be easily performed. 
[0014] 

[Means for Solving the Problem] 

In order to achieve the above-described object , an 
inversed F antenna according to the present invention is 
configured as a double structure in which conductors 
(electrodes) as antenna elements which are arranged while 
leaving spaces with a ground conductor and one ends of 
which configure open ends are separately provided as a feed 
conductor (electrode) and a radiation conductor (electrode) , 
and power is fed to the radiation conductor (electrode) 
through the feed conductor (electrode) without directly 
feeding from a feed line to the radiation conductor. 
[0015] 

Accordingly, even in the case where the inversed F 
antenna is further downsized and low-profiled as compared 
to the conventional inversed F antenna, the impedance 
matching between the antenna and the feed line can be 
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obtained in a broad bandwidth as similar to the relatively- 
large conventional inversed F antenna. Thus, it is 
possible to obtain an inversed F antenna and a feed method 
therefor which are capable of coping with the electric 
characteristics around the antenna in various mounted 
states . 
[0016] 

Further, by changing the shape of the radiation 
conductor in the above-described double structure, antenna 
adjustment such as resonance frequency adjustment, multiple 
resonances, and downsizing is performed, 
[0017] 

Accordingly, it is possible to perform the antenna 
adjustment without losing the impedance matching between 
the antenna and the feed line. 
[0018] 

According to an aspect of the present invention, it 
is possible to obtain an inversed F antenna including: 
antenna elements made of conductor; a ground conductor 
which is arranged so. as to face the antenna elements while 
leaving spaces therebetween; short circuit means through 
which the antenna elements are coupled to the ground 
conductor; and a feed line which feeds power to the antenna 
elements, wherein the antenna elements are configured as a 
double structure in which a feed conductor and a radiation 
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conductor are separately provided, and power is fed from 
the feed line to the radiation conductor through the feed 
conductor without feeding directly from the feed line to 
the radiation conductor. 
[0019] 

The "ground conductor" used herein may not be a 
ground of the antenna itself. Specifically, the ground 
conductor includes a ground substrate in the case where the 
inversed F antenna itself does not include a ground, and a 
substrate on which an antenna is mounted, such as a 
substrate for mounting an RF circuit on which a 
transmission/reception circuit is arranged in a mobile 
terminal device and a substrate for mounting a baseband 
circuit coupled to a terminal operation key serves as a 
ground.' 
[0020] 

Here, the "feed conductor" is a constituent element 
which is separately provided from the "feed line", and does 
not include a conductor portion configuring the "feed line" 
for example, an inner conductor of the coaxial cable. It 
should be noted that the "feed conductor" may include a 
case in which the "feed line" and the "feed conductor" are 
integrally formed on a substrate made of resin or ceramic 
as a conductor pattern which is to be described later. 
Further, it is preferable that the "feed conductor" is in 
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parallel to the "radiation conductor". However, the "feed 
conductor" may not be in parallel to the "radiation 
conductor". It is advantageous in manufacturing if the 
"feed conductor" is in parallel to the "radiation 
conductor". Further, it is preferable that the "feed 
conductor" is formed in a plate shape. However, the "feed 
conductor" may be formed in not a plate shape but a linear 

(rod) shape. 

[0021] 

Further, according to another aspect of the present 
invention, it is possible to obtain an inversed F antenna 
including: a radiation conductor; a ground conductor which 
is arranged so as to face the radiation conductor while 
leaving a space therebetween; short circuit means through 
which the radiation conductor is coupled to the ground 
conductor; and a feed line which feeds power to the 
radiation conductor, wherein a feed conductor which is 
provided to extend within a space between the radiation 
conductor and the ground conductor and to which the feed 
line is coupled is further provided, and power is fed to 
the radiation conductor through the feed conductor. 
[0022] 

The feed conductor may be coupled to the short 
circuit means, and may be provided to extend within the 
space between the radiation conductor and the ground 
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conductor from the short circuit means. On the other hand, 
the feed conductor may be apart from the short circuit 
means, and may be provided to extend within the space 
between the radiation conductor and the ground conductor. 
[0023] 

Further, it is desirable that the radiation conductor 
is formed in a plate shape and the feed conductor is formed 
in a plate shape while having an area overlapped with the 
radiation conductor and leaving a predetermined space 
therebetween . 
[0024] 

Further, at least the radiation conductor, the ground 
conductor, and the feed conductor are formed on a resin or 
ceramic substrate as a conductor pattern. 
[0025] 

Further, the inversed F antenna is configured as a 
three-layer resin or ceramic substrate which includes the 
radiation conductor as a first layer p.attern, the feed 
conductor as a second layer pattern which faces the 
radiation conductor to sandwich a first resin or ceramic 
portion, and the ground conductor as a third layer pattern 
which faces the feed conductor to sandwich a second resin 
or ceramic portion, and the feed line through which the 
ground conductor is coupled to the feed conductor is 
configured as a through-hole. 



[0026] 

The short circuit means which short-circuits the 
radiation colnductor and the ground conductor may be formed 
by a short circuit conductor formed on a side face of the 
resin or ceramic substrate. Alternatively, the short 
circuit means which short-circuits the radiation colnductor 
and the ground conductor may be configured as a through- 
hole . 
[0027] 

In consideration of easiness of manufacturing, it is 
preferable that the position (feed position) where the 
"feed line" is coupled to the "feed conductor" is an end 
portion (edge portion) in the width direction of the "feed 
conductor", but may be a center portion in the width 
direction of the "feed conductor". 
[0028] 

Further, according to still another aspect of the 
present invention, it is possible to obtain a feed method 
in an inversed F antenna, the antenna including: a 
radiation conductor; a ground conductor which is arranged 
so as to face the radiation conductor while leaving a space 
therebetween; short circuit means through which the 
radiation conductor is coupled to the ground conductor; and 
a feed line which feeds power to the radiation conductor, 
wherein a feed conductor is further provided to extend 
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within a space between the radiation conductor and the 
ground conductor, and power is fed from the feed line to 
the radiation conductor through the feed conductor by 
coupling the feed line to the feed conductor. 
[0029] 

Further, according to still another aspect of the 
present invention, it is possible to obtain an antenna 
adjusting method in an inversed F antenna, the antenna 
including: a radiation conductor; a ground conductor which 
is arranged so as to face the radiation conductor while 
leaving a space therebetween; short circuit means through 
which the radiation conductor is coupled to the ground 
conductor; and a feed line which feeds power to the 
radiation conductor, wherein a feed conductor is provided 
to extend within a space between the radiation conductor 
and the ground conductor, the feed line is coupled to the 
feed conductor to feed power to the radiation conductor 
through the feed conductor, and antenna adjustment is 
performed by changing the shape of the radiation conductor. 
[0030] 

Here, the "changing of the shape of the radiation 
conductor" includes, for example, the following all steps: 
making a cut in the radiation conductor, changing the 
length thereof, or making a slot for adjustment of the 
resonance frequency; providing a perturbation element to 



23 



the radiation conductor, or dividing the radiation 
conductor into two or more and changing their lengths for 
multiple resonances; and bending a tip end of the radiation 
conductor to add capacity (tip-end condenser loading) for 
downsizing. In the meantime, the "antenna adjustment " 
includes all the cases of adjusting the characteristics or 
shape of the antenna for adjustment of the resonance 

frequency, multiple resonances, and downsizing. 

[0031] 

[Embodiment of the Invention] 

Hereinafter, embodiments of the present invention 
.will be described in more detail with reference to the 
drawings. Fig. 2(A) is a perspective view showing a basic 
configuration of an inverted F antenna according to a first 
embodiment of the present invention, and Fig. 2(B) is a 
side view thereof. As shown in Figs. 2(A) and 2(B), an 
inversed F antenna 200 includes antenna elements (202 and 
210) made of conductor, a ground conductor (204) which is 
arranged so as to face the antenna elements (202 and 210) 
while leaving spaces therebetween, short circuit means 
(206) through which the antenna elements (202 and 210) are 
coupled to the ground conductor (204), and a feed line 
(208) which feeds power to the antenna elements (202 and 
210) . The antenna elements (202 and 210) are configured as 
a double structure in which a feed conductor (210) and a 
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radiation conductor (202) are separately provided. The 
inversed F antenna 200 has a function of feeding power from 
the feed line (208) to the radiation conductor (202) 
through the feed conductor (210) without feeding directly 
from the feed line (208) to the radiation conductor (202) . 
[0032] 

Specifically, as shown in Figs, 2(A) and 2(B), the 
inversed F antenna 200 includes the radiation conductor 202, 
the ground conductor 204 which is arranged so as to face 
the radiation conductor 202 while leaving a space 
therebetween, a short circuit (short) plate 206, as short 
circuit means, through which the radiation conductor 202 is 
coupled to the ground conductor 204, and the feed conductor 
210 which is provided to extend within a space between the 
radiation conductor 202 and the ground conductor 204 and to 
which the feed line (feed pin) 208 is coupled. The 
inversed F antenna 200 has a configuration in which power 
is fed from the feed line (feed pin) 208 to the radiation 
conductor 202 through the feed conductor 210. The power 
feeding from the feed line (feed pin) 208 to the feed 
conductor 210 is performed through a coaxial cable 
configuring the feed line 208 from a back surface of the 
ground conductor 204. An outer conductor 208a of the 
coaxial cable is coupled to the ground conductor 204, and a 
core (or feed pin) 208b of the coaxial cable is coupled to 
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the feed conductor 210 at an appropriate position so as to 
match the characteristic impedance of the coaxial cable 
with the input impedance of the inversed F antenna 200. 
Specifically, in the inversed F antenna 200, the core (or 
feed pin) 208b of the coaxial cable configuring the feed 
line 208 is directly attached to not the radiation 
conductor 202 but the feed conductor 210, as shown in Figs. 
2(A) and 2(B), and power is fed to the radiation conductor 
202 through the feed conductor 210. 
[0033] 

In the embodiment, the feed conductor 210 which is 
coupled to the short circuit (short) plate 206 is provided 
to extend within the space between the radiation conductor 
202 and the ground conductor 204 from the short circuit 

(short) plate 206 as shown in Fig. 2(B). 

[0034] 

Further, the radiation conductor 202 is formed in a 
plate shape in the embodiment. The feed conductor 210 is 
also formed in a plate shape while having an area 
overlapped with the radiation conductor 202 and leaving a 
predetermined space therebetween. 
[0035] 

As a modified example, although not shown in the 
drawing, the radiation conductor 202 may be formed in a 
plate shape, and the feed conductor 210 may be configured 



in a rod shape or a linear shape. Further, each of the 
radiation conductor 202 and the feed conductor 210 may be 
configured in a rod shape or a linear shape. Furthermore, 
the short circuit (short) plate 206 may be configured in a 
rod shape or a linear shape as a short circuit conductor. 
In this case, the antenna is configured as not a plate- 
shape inversed F antenna but a linear-shape inversed F 
antenna. Even in this case, effects of the plate-shape 
inversed F antenna according to the embodiment to be 
described later can be similarly obtained. 
[0036] 

Fig. 3(A) is a view of a radiation electrode 102 of a 
conventional inversed F antenna 100 viewed from the upper 
side. Fig. 3(B) is a view of the feed conductor 210 of the 
inversed F antenna 200 according to the embodiment viewed 
from the upper side, and the radiation conductor 202 is 
shown by the dotted line. 
[0037] 

In the embodiment, the impedance of the conventional 
inversed F antenna 100 shown in Fig. 1 and that of the 
inversed F antenna 200 according to the embodiment shown in 
Fig. 2 viewed from the feed system are calculated by an 
electromagnetic simulator for comparison. 
[0038] 

Here, the conventional inversed F antenna 100 and the 
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inversed F antenna 200 according to the embodiment, each 
having the same volume of 15mm x 3mm * 3mm are configured 
on infinite ground planes, and each of feed points 111 and 
213 is changed to observe a return loss viewed from the 
feed system. Each antenna is configured by a conductor 
plate with a conductivity of 4.9 * 107 and a thickness of 
18|im. The position of each of the short circuit (short) 
plates 106 and 206 is assumed as y=0 to obtain a feed point 
position where impedance matching can be obtained, and the 
changes of the return loss are observed when the feed point 
position is shifted by ±0.5ram from the original position. 
First, when the feed points are set to y=l . 5mm in the 
conventional inversed F antenna 100 and y=3 . 5mm in the 
inversed F antenna 200 according to the embodiment, it is 
possible to match the characteristic impedance of the feed 
line with the impedance of the antenna. Accordingly, the 
feed point position in the inversed F antenna 200 according 
to the embodiment is further from the short circuit (short) 
plate 206 as compared to that in the conventional inversed 
F antenna 100. Fig. 4 shows a smith chart in which the feed 
points are offset by ±0.5mm after the impedance matching is 
obtained in the conventional inversed F antenna 100, and 
Fig. 5 shows a smith chart in which the feed points are 
offset by ±0.5mm after the impedance matching is obtained 
in the inversed F antenna 200 according to the embodiment. 
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It should be noted that the frequency ranges from 3 to 5GHz, 
and the resonance frequency of each antenna is 4.25GHz. 
[0039] 

Each of the feed lines 108 and 208 is a 50Q feed line 
(feed line with a characteristic impedance of 50Q) as 
described above, and 50Q is located at the center of the 
circle. The circular points, rectangular points, and 
rhombic points plotted on each smith chart are obtained by 
plotting the frequency changes of the impedance of the 
antenna. Accordingly, the plotted points (arc obtained by 
connecting the plotted points) which are not shifted from 
50Q as the center of the smith chart are preferable in 
characteristics . 
[0040] 

In the conventional example, when the feed point 
positions are offset from the reference position by ±0.5mm, 
the plotted points (arc obtained by connecting the plotted 
points) are largely shifted from 50Q as the center of the 
smith chart. On the contrary, when the feed point 
positions are similarly shifted from the reference position 
by 0.5mm in the embodiment, the plotted points are not 
largely shifted from 50Q as the center of the smith chart. 
[0041] 

From Figs. 4 and 5, it was found that when the feed 
point was offset, fluctuation of the impedance was small in 
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the inversed F antenna 200 according to the embodiment. In 
order to consider the cause, the inventors observed, at 
first, the standing wave distribution of the conventional 
inversed F antenna 100 shown in Figs. 1 and 3(A) using the 
electromagnetic simulator. In the conventional inversed F 
antenna 100, standing waves of current rose around both 
edges 102a and 102b which were sides parallel to the y-axis 
on the radiation electrode 102 shown in Fig. 3(A), and the 
standing waves became a radiation source. In the 
conventional inversed F antenna 100 shown in each of Figs. 
1 and 3 (A) , it was confirmed that the standing waves which 
rose around the both edges 102a and 102b which were sides 
parallel to the y-axis on the radiation electrode 102 were 
asymmetric. It is conceivable that the feed point 111 is 
located at the edge portion where the standing waves rise, 
so that the standing waves rising around the edge 102b 
where the feed point 111 is located are disturbed by the 
feed system. It can be assumed that such disturbance 
caused by direct feeding to the radiation electrode 102 
contributes to a narrow range of the feed position where 
the impedance matching can be obtained, and decreases the 
radiation efficiency of the antenna. Especially, in the 
case where the inversed F antenna 100 is further downsized, 
the size of the feed system can not be disregarded as 
compared to the size of the antenna element itself 
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configured by the radiation electrode 102, so that it can 
be predicted that the effect caused by mutual coupling of 
the feed system and the antenna element becomes large. 
[0042] 

The inventors observed next the standing wave 
distribution of the inversed F antenna 200 according to the 
embodiment similarly using the electromagnetic simulator. 
In the inversed F antenna 200 according to the embodiment, 
as similar to the conventional inversed F antenna 100, the 
standing waves of current rose around both edges 202a and 
202b which were sides parallel to the y-axis on the 
radiation conductor 202 shown by the solid line in Fig. 2 
or by the dotted line in Fig. 3(B), and the standing waves 
become a radiation source. It was confirmed that the 
standing waves which rose around the both edges 202a and 
202b which were sides parallel to the y-axis on the 
radiation conductor 202 shown in each of Fig. 2 and Fig. 
3(B) were symmetric. 
[0043] 

It can be assumed that although the feed point 213 is 
located at an edge 210b of the feed conductor 210, power is 
fed not directly to the radiation conductor 202 but through 
the feed conductor 210, so that the standing waves that 
rise around the both edges 202a and 202b which are sides 
parallel to the y-axis on the radiation conductor 202 are 



relatively free from disturbance in power feeding. It is 
conceivable that such less disturbance caused by direct 
feeding to the radiation conductor 202 contributes to a 
wider range of the feed position where the impedance 
matching can be obtained. 
[0044] 

Fig. 6(A) is a perspective view showing a basic 
configuration of an inversed F antenna according to a 
second embodiment of the present invention, and Fig. 6(B) 
is a side view thereof. The basic configuration of an 
inversed F antenna 300 and that of the inversed F antenna 
200 shown in Figs. 2(A) and 2(B) are substantially the same, 
but are different from each other in that a feed conductor 
310 is not coupled to the short circuit (short) plate 206. 
Specifically, the feed conductor 310 is provided to extend 
within a space between the radiation conductor 202 and the 
ground conductor 204 while being apart from the short 
circuit (short) plate 206. The inversed F antenna 300 
having such a configuration also exhibits the same effect 
as the inversed F antenna 200 shown in Figs. 2(A) and 2(B). 
Since the feed conductor 310 is not coupled to the short 
circuit (short) plate 206 in the inversed F antenna 300 
according to the embodiment, it is necessary to insert and 
fix a spacer 330 made of insulator between the ground 
conductor 204 and the feed conductor 310 as shown by the 
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dotted line in Fig. 6(B) in order to support the feed 
conductor 310 . 
[0045] 

Further, the radiation conductor 202 is formed in a 
plate shape even in the embodiment. The feed conductor 310 
is also formed in a plate shape while having an area 
overlapped with the radiation conductor 202 and leaving a 
predetermined space therebetween . 
[0046] 

Fig. 7 is a perspective, view showing a basic 
configuration of an inversed F antenna according to a third 
embodiment of the present invention* The basic constituent 
elements of an inversed F antenna 400 and those of the 
inversed antenna 200 shown in Figs. 2(A) and 2(B) are 
substantially the same, but are different from each other 
in that the inversed F antenna 400 is formed on a resin 
substrate . 
[0047] 

Specifically, as similar to the inversed F antenna 
200 as shown in Figs. 2(A) and 2(B), the inversed F antenna 
4 00 includes , as shown in Fig . 7 , a radiation conductor 402 , 
a ground conductor 404 which is arranged so as to face the 
radiation conductor 402 while leaving a space therebetween, 
a short circuit conductor 406, as short circuit means , 
through which the radiation conductor 402 is coupled to the 
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ground conductor 404,- and a feed conductor 410 which is 
provided to extend within a space between the radiation 
conductor 402 and the ground cnductor404 and to which a 
feed line 408 is coupled. The inversed F antenna 400 has a 
configuration in which power is fed from the feed line 408 
to the radiation conductor 402 through the feed conductor 
410. The radiation conductor 402, the ground conductor 404, 
the short circuit conductor 406, the feed conductor 410, 
and a feed line 408L configuring a part of the feed line' 
408 are formed on, for example, a surface 445 of a phenol 
resin substrate 440. These are copper-clad portions of the 
phenol resin substrate 440, and etching is performed so as 
to leave these portions when manufacturing. An outer 
conductor 408a of a coaxial cable configuring the feed line 
408 is coupled to the ground conductor 404, the power 
feeding from the feed line 408 to the feed conductor 410 is 
performed by mutually coupling a core 408b of the coaxial 
cable to the feed line 408L. 
[0048] 

The inversed F antenna 400 having such a 
configuration exhibits the same effect as the inversed F 
antenna 20 shown in Figs. 2(A) and 2(B). It should be 
noted that it is necessary that at least the radiation 
conductor 402, the ground conductor 404, and the feed 
conductor 410 are formed on the resin substrate as a 
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conductor pattern. Further , the above-described 
constituent elements are formed only on the surface 445 of 
the phenol resin substrate 440 in the embodiment. However, 
a part of the constituent elements may be formed on a back 
surface 447 . 
[0049] 

As a modified example, it is conceivable that an 
inversed F antenna similar to the above is formed on a 
ceramic substrate and exhibits the same effect as the 
inversed F antenna 400 formed on the resin substrate. . It 
should be noted that it is necessary that at least the 
radiation conductor, the ground conductor, and the feed 
conductor are formed on the ceramic substrate as a 
conductor pattern. 
[0050] 

Fig. 8 is a perspective view showing a basic 
configuration of an inversed F antenna according to a 
fourth embodiment of the present invention. An inversed F 
antenna 500 and the inversed F antenna 400 shown in Fig. 7 
are the same in that they are formed on the resin substrate, 
but are different from each other in that the inversed F 
antenna 500 is formed on a multilayer resin substrate. 
[0051] 

Specifically, the inversed F antenna 500 includes, as 
shown in Fig. 8, a radiation conductor 502, a ground 



35 

conductor 504 which is arranged so as to face the radiation 
conductor 502 while leaving a space therebetween, a short 
circuit conductor 506, as short circuit means, through 
which the radiation conductor 502 is coupled to the ground 
conductor 504, and a feed conductor 510 which is provided 
to extend within a space between the radiation conductor 
502 and the ground conductor 504 and to which a feed line 
508 is coupled. The inversed F antenna 500 has a 
configuration in which power is fed from the feed line 508 
to the radiation conductor 502 through the feed conductor 
510. Three layers of the radiation conductor 502, the 
ground conductor 504, and the feed conductor 510 are formed 
on a resin substrate 550. 
[0052] 

As described above, the inversed F antenna 500 is 
configured as a three-layer resin substrate in the 
embodiment. As shown in Fig. 8, as a first layer pattern, 
the radiation conductor 502 and a resin portion 503 are 
sandwiched; as a second layer pattern, the feed conductor 
510 and a resin portion 505 are sandwiched; and as a third 
layer pattern, the ground conductor 504 is formed. In 
addition, as means for short-circuiting the radiation 
conductor 502, the feed conductor 510, and the ground 
conductor 504, the short circuit conductor 506 is formed on 
a side face of the resin substrate 550. Further, the feed 
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line 508 through which the ground conductor 504 is coupled 
to the feed conductor 510 is configured as a semi-through- 
hole. The resin substrate 550 is made of, for example, 
phenol resin, and the radiation conductor 502, the ground 
conductor 504, the short circuit conductor 506, and the 
feed conductor 510 are manufactured by copper clad. 
[0053] 

The inversed F antenna 500 having such a 
configuration exhibits the same effect as the inversed F 
antenna 200 shown in Figs. 2(A) and 2(B). As a modified 
example of the embodiment, although not shown in the 
drawing, the short circuit conductor (506) may be 
configured as an elongate through-hole or a through-hole, 
or a semi-through-hole formed by cutting each hole into 
half. 
[0054] 

Fig. 9 is a perspective view showing a basic 
configuration of an inversed F antenna according to a fifth 
embodiment of the present invention. An inversed F antenna 
600 and the inversed F antenna 500 shown in Fig. 8 are the 
same in that they are formed on the multilayer resin 
substrate, but are different from each other in that the 
inversed F antenna 600 is formed on a multilayer ceramic 
substrate. 
[0055] 
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Specifically, the inversed F antenna 600 includes, as 
shown in Fig, 9, a radiation conductor 602, a ground 
conductor 604 which is arranged so as to face the radiation 
conductor 602 while leaving a space therebetween, a short 
circuit conductor 606, as short circuit means, through 
which the radiation conductor 602 is coupled to the ground 
conductor 604, and a feed conductor 610 which is provided 
to extend within a space between the radiation conductor 
602 and the ground conductor 604 and to which a feed line 
608 is coupled. The inversed F antenna 600 has a 
configuration in which power is fed from the feed line 608 
to the radiation conductor 602 through the feed conductor 
610. Three layers of the radiation conductor 602, the 
ground conductor 604, and the feed conductor 610 are formed 
on a ceramic substrate 650. 
[0056] 

As described above, the inversed F antenna 600 is 
configured as a three-layer ceramic substrate in the 
embodiment. As shown in Fig. 9, as a first layer pattern, 
the radiation conductor 602 and a ceramic portion 603 are 
sandwiched; as a second layer pattern, the feed conductor 
610 and a ceramic portion 605 are sandwiched; and as a 
third layer pattern, the ground conductor 604 is formed. 
In addition, as means for short-circuiting the radiation 
conductor 602, the feed conductor 610, and the ground 
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conductor 604, the short circuit conductor 606 is 
configured as three elongate through-holes 606a, 606b, and 
606c formed at one end portion of the ceramic substrate 650 
as shown, in Fig. 9. The feed line 608 through which the 
ground conductor 604 is coupled to the feed conductor 610 
is configured as not a semi-through-hole but a through-hole 
in the embodiment. The radiation conductor 602, the ground 
conductor 604, and the feed conductor 610 are manufactured 
by, for example, copper clad, as similar to the fourth 
embodiment . 
[0057] 

The inversed F antenna 600 having such a 
configuration exhibits the same effect as the inversed F 
antenna 200 shown in Figs. 2(A) and 2(B). As a modified 
example of the embodiment, although not shown in the 
drawing, the short circuit conductor (606) may be 
configured as a through-hole, or a semi-through-hole formed 
by cutting the hole into half. Further, it is obvious that 
the short circuit conductor (606) may be configured as not 
the through-hole but the copper clad, as similar to the 
fourth embodiment. 
[0058] 

Next, as an antenna adjusting method according to a 
sixth embodiment of the present invention, a resonance 
freguency adjusting method for the inversed F antenna will 
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be described. 
[0059] 

The resonance frequency of the inversed F antenna is 
determined on the basis of the shape of the radiation 
conductor (electrode). Therefore, as shown in Figs. 10(a) 
to 10(c), the resonance frequency can be adjusted by 
changing a current length by making a cut in the radiation 
conductor (electrode) (see Fig. 10(a)), by changing the 
length " thereof (see Fig. 10(b)), or by making a slot (see 
Fig. 10(c)). However, the feed line (feed system) 108 is 
directly attached to the radiation electrode 102 in the 
conventional inversed F antenna 100 as shown in Fig. 1. 
Therefore, the adjustment of the frequency causes changes 
of the current distribution on the radiation electrode 102, 
thus leading to impedance mismatching with the feed line 
(feed system) 108. As a result, it is necessary to obtain 
impedance matching with the feed line (feed system) 108 
again (search for the feed point position again where the 
impedance matching can be obtained) every time the 
frequency is adjusted. 
[0060] 

On the contrary, power is fed through the feed 
conductor without directly feeding from the feed line (feed 
system) to the radiation conductor (electrode) in the 
inversed F antenna according to the present invention. 
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Therefore, if the shape of the radiation conductor 
(electrode) is changed to adjust the frequency, the 
impedance matching with the feed line (feed system) is 
unlikely to lose. Therefore, sufficient impedance matching 
can be obtained without changing the feed point position 
every time the frequency is adjusted. 
[0061] 

In the embodiment, in order to confirm that the 
impedance matching with the feed line (feed system) could 
be maintained even if the frequency was adjusted by 
changing the shape of the radiation conductor (electrode) , 
the inversed F antenna in which a cut was made in the 
radiation conductor (electrode) was produced, and a 
relation between the frequency and the return loss was 
measured. Specifically, as similar to the above-described 
fourth embodiment, an inversed F antenna was formed on a 
multilayer resin substrate with an outer dimension of 
18mmx3mmx3mm, the relation between the frequency and the 
return loss was measured without changing the shape other 
than that of the radiation conductor (electrode) , in the 
case where a cut was not made in the radiation conductor 
(electrode) as shown in Fig. 11(a), in the case where an 
80% cut with respect to the width of the radiation 
conductor (electrode) was made as shown in Fig. 11(b), and 
in the case where two 80% cuts as similar to the above were 
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made as shown in Fig. 11(c)- The result is shown in Fig. 
12. It was confirmed from Fig. 12 that the resonance 
frequency was shifted by making a cut, the levels of return 
loss were about. -30dB or less at respective resonance 
points in all the cases of Figs. 11(a), 11(b), and 11(c), 
and if the resonance frequency was shifted, the impedance 
matching could be maintained. 
[0062] 

Next, as a modified example of the antenna adjusting 
method according to the sixth embodiment, two kinds of the 
resonance frequency of the inversed F antenna are provided, 
namely, multiple resonances of the inversed F antenna are 
provided. In the case where the multiple resonances of the 
inversed F antenna are provided, for example, a 
perturbation element is provided to the radiation conductor 
(electrode) (see Fig. 13(a)), or the radiation conductor 
(electrode) is divided into two or more and their lengths 
are changed (see Fig. 13(b)), as shown in Figs. 13(a) and 
13(b). However, since the feed line (feed system) 108 is 
directly attached to the radiation electrode 102 in the 
conventional inversed F antenna 100 as shown in Fig. 1,. 
multiple resonances cause changes of the current 
distribution on the radiation electrode 102, thus leading 
to impedance mismatching with the feed line (feed system) 
108. As a result, it is necessary to obtain impedance 



matching with the feed line (feed system) 108 again (search 
for the feed point position again where the impedance 
matching can be obtained) . 
[0063] 

On the contrary, power is fed through the feed 
conductor without directly feeding from the feed line (feed 
system) to the radiation conductor (electrode) in the 
inversed F antenna according to the present invention. 
Therefore, if the shape of the radiation conductor 

(electrode) is changed to provide multiple resonances, the 
impedance matching with the feed line (feed system) is 
unlikely to lose. Therefore, sufficient impedance matching 
can be obtained without changing the feed point position 
even if the multiple resonances are provided. 

[0064] 

Further, as another modified example of the antenna 
adjusting method according to the sixth embodiment, there 
will be described, a case in which the inversed F antenna is 
downsized. In this case, for example, the inversed F 
antenna is downsized while maintaining the resonance 
frequency constant by bending a tip end of the radiation 
conductor (electrode) to add capacity (tip-end condenser 
loading) as shown in Fig. 13(c). However, since the feed 
line (feed system) 108 is directly attached to the 
radiation electrode 102 in the conventional inversed F 
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antenna 100 as shown in Fig. 1, the downsizing causes 
changes of the current distribution on the radiation 
electrode 102, thus leading to the impedance mismatching 
with the feed line (feed system) 108. As a result, it is 
necessary to obtain impedance matching with the feed line 

(feed system) 108 again (search for the feed point position 
again where the impedance matching can be obtained) . 

[0065] 

On "the contrary, power is fed through the feed 
conductor without directly feeding from the feed line (feed 
system) to the radiation conductor (electrode) in the 
inversed F antenna according to the present invention. 
Therefore, if the shape of the radiation conductor 

(electrode) is changed for downsizing, the impedance 
matching with the feed line (feed system) is unlikely to 
lose. Therefore, sufficient impedance matching can be 
obtained without changing the feed point position even if 
the inversed F antenna is downsized. 

[0066] 

The specific embodiments of the present invention 
have been described above. However, the present invention 
is not limited thereto, but can be applied to other 
embodiments within a scope described in claims. For 
example, in the above-described first embodiment, there has 
been explained an example in which the feed point 213 is 

i 
- 



located at the edge 210b of the feed conductor 210, The 
present invention is not limited to the case in which the 
feed point 213 is located at the edge 210b (or the edge 
210a) of the feed conductor 210. The feed point may be 
located on the middle side (inner side) relative to the 
edge portion in the width direction of the feed conductor, 
and can be located at the center portion in the width 
direction of the feed conductor. 
[0067] 

Furthermore, the height of the feed conductor (the 
height from the ground conductor 204), in other words, a 
space between the feed conductor and the radiation 
conductor may be changed. Even in this case, the same 
effect as the inversed F antenna 200 shown in Figs. 2(A) 
and 2(B) can be basically obtained. 
[0068] 

In the above-described first embodiment, the length 
of the feed conductor 210 is formed to be substantially 
half (the area ratio is 1/2) that of the radiation 
conductor 202 as shown in Fig. 3(B), but the length of the 
feed conductor may be changed. Even in this case, the same 
effect as the inversed F antenna 200 shown in Figs. 2(A) 
and 2(B) can be basically obtained. 
[0069] 

In this case, the length (in the y-axis direction) of 
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the radiation conductor 202 affects the downsizing of the 
antenna in terms of the resonance frequency of the antenna 
as an electricity length from the open end to the short 
circuit portion (to the short circuit (short) plate 206) 
towards the ground conductor. However, if observing using 
an electromagnetic simulator, the standing waves do not 
rise much in the feed conductor 210, and thus it is 
conceivable that the feed conductor 210 is not related to 
the radiation of electric waves. From this point, too, the 

length of the feed conductor can be changed. 

[0070] 

[Effect of the Invention] 

According to the present invention, in the inversed F 
antenna using, for example, the 50Q feed line, the position 
of the feed pin where the impedance matching can be 
obtained is shifted to the position apart from the short 
circuit (short) pin as described above. Therefore, the 
range of the feed position where the impedance matching can 
be obtained can be widened. 
[0071] 

Further, the characteristic impedance of the feed 
line can be easily matched to the input impedance of the 
antenna in a broad band, and thus the frequency band of the 
antenna viewed from the feed point is broadened. Further, 
since the range of the feed position where the impedance 
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matching can be obtained can be widened, fluctuation in 
frequency with respect to change in electrical environments 
around the antenna is reduced. Accordingly, it is possible 
to provide a stable inversed F antenna with less variation 
of characteristics even in the case of being used in 
various devices. 
[0072] 

Furthermore, even if the shape of the radiation 
conductor is changed for the frequency adjustment, multiple 
resonances, and downsizing, it is not necessary to obtain 
impedance matching with the feed line (feed line) again. 
Therefore, even after the mounted state is determined, it 
is possible to easily perform the antenna adjustment, such 
as shifting of the frequency band by changing the shape of 
the radiation conductor. 
[0073] 

[Brief Description of the Drawings] 

Fig. 1 is a perspective view showing a basic 
configuration of a conventional inversed F antenna; 

Fig. 2(A) is a perspective view showing a basic 
configuration of an inverted F antenna according to a first 
embodiment of the present invention, and Fig. 2(B) is a 
side view thereof; 

Fig. 3(A) is a plan view of a radiation electrode of 
the conventional inversed F antenna, and Fig. 3(B) is a 
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plan view of a feed conductor of the inversed F antenna 
according to the first embodiment of the present invention; 

Fig. 4 is a view showing a smith chart in which feed 
points are offset by ±0.5mm after impedance matching is 
obtained in the conventional inversed F antenna; 

Fig. 5 is a view showing a smith chart in which the 
feed points are offset by ±0.5mm after the impedance 
matching is obtained in the inversed F antenna according to 
the first embodiment of the present invention; 

Fig. 6(A) is a perspective view showing a basic 
configuration of an inversed F antenna according to a 
second embodiment of the present invention, and Fig. 6(B) 
is a side view thereof; 

Fig. 7 is a perspective view showing a basic 
configuration of an inversed F antenna according to a third 
embodiment of the present invention; 

Fig. 8 is a perspective view showing a basic 
configuration of an inversed F antenna according to a 
fourth embodiment of the present invention; 

Fig. 9 is a perspective view showing a basic 
configuration of an inversed F antenna according to a fifth 
embodiment of the present invention; 

Figs. 10(a) to 10(c) are views, each showing a 
general resonance frequency adjusting method in an inversed . 
F antenna, in which Fig. 10(a) shows a case of making a cut 
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in the radiation conductor (electrode), Fig. 10(b) shows a 
case of changing the length thereof, and Fig. 10(c) shows 
a case of making a slot; 

Figs. 11(a) to 11(c) are views, each explaining a 
resonance frequency adjusting method in an inversed F 
antenna according to a sixth embodiment of the present 
invention in which Fig. 11(a) shows a case where a cut is 
not made in the radiation conductor (electrode), Fig. 11(b) 
shows a case where an 80% cut with respect to the width of 
the radiation conductor (electrode) is made, and Fig. 11(c) 
shows a case where two 80% cuts with respect to the width 
of the radiation conductor (electrode) are made; 

Fig. 12 is a view showing a result of measuring a 
relation between a frequency and return loss in the cases 
where the cut is not made in the radiation conductor 
(electrode) , the 80% cut with respect to the width of the 
radiation conductor (electrode) is made, and the two 80% 
cuts with respect to the width of the radiation conductor 
(electrode) are made as shown in Figs. 11(a) to 11(c); and 

Figs. 13(a) to 13(c) are views, each explaining an 
inversed F antenna adjusting method, as an modified example, 
according to the sixth embodiment of the present invention 
in which Fig. 13(a) shows a case where a perturbation 
element is provided to the radiation conductor (electrode) 
for multiple resonances, Fig. 13 (b) shows a case where the 
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radiation conductor (electrode) is divided into two or more 
and their lengths are changed for multiple resonances, and 
Fig. 13(c) shows a case where the inversed F antenna is 
downsized by bending a tip end of the radiation conductor 

(electrode) to add capacity (tip-end condenser loading) . 

[Description of the Reference Numeral] 
100 inversed F antenna 

102 radiation electrode (radiation conductor) 

104 ground plate (ground conductor) 

106 short circuit (short) plate 

108 feed line 

108a outer conductor 

108b core (feed pin) 

200 inversed F antenna 

202 radiation conductor 

20 4 ground conductor 

206 short circuit (short) plate 

208 feed line (feed pin) 

210 feed conductor 

208a outer conductor 

208b core (feed pin) 

102a edge 

102b edge 

111 feed point 

202a edge 
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202b edge 

210a edge 

210b edge 

213 feed point 

300 inversed F antenna 

310 feed conductor 

330 spacer 

400 inversed F antenna 

402 radiation conductor 

4 04 ground conductor 

406 short circuit conductor 

408 feed line 

410 feed conductor 

4 08a outer conductor 

408b core 

408L feed line 

440 phenol resin substrate 

445 surface 

447 back surface 

500 inversed F antenna 

502 radiation conductor 

504 ground conductor 

503, 505 resin portion 

506 short circuit conductor 

508 feed line 
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510 



feed conductor 



550 



resin substrate 



600 



inversed F antenna 



602 



radiation conductor 



604 



ground conductor 



603, 



605 



ceramic portion 



606 short circuit conductor 

608 feed line 

610 feed conductor 

650 ceramic substrate 

606a, 606b, 606c elongate through-hole 

Fig. 10 
(a) 

W V : CUT 
(b) 

LENGTH OF RADIATION ELECTRODE 
FREQUENCY ADJUSTMENT OF ANTENNA 



(c) 

^D^b : SLOT 
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Fig. 11 
(a) 

#J t) : NO CUT 

(b) 

I^jZ^I* 

^«^HftffHBE$ : 
ONE CUT 

FREQUENCY ADJUSTMENT OF RADIATION ELECTRODE 
(c) 

W V) t&Z?- 2 if. : TWO CUTS 
Fig. 12 

tyj&K X 57>7ttD!) ^ — ^n^^-fb : CHANGE OF RETURN LOSS IN 
ANTENNA CAUSED BY MAKING A CUT 
V $ — l/u*. : RETURN LOSS 
Ji^ifc : FREQUENCY 

*) 3&3* 1 ^ : ONE CUT 
"SO V 2 ^ : TWO CUTS 
30 0 iZi^-M : NO CUT 



Fig. 13 
(a) 



... . * - 
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Jgfjj^^- ; PERTURBATION ELEMENT 
(b) 

Tl^y"±(D^^Mit • 'h%tik : MULTIPLE RESONANCES AND DOWNSIZING 
OF ANTENNA 

(C) 

^Jfc^^ : CAPACITY LOADING 
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(57) ISm (*3E*r) 

<Og£ *5S « C £ # £ X F T >x i-RV-tn&WS 
fit3tffi*<* 202t. ttttJfl«tt: 2 0 2 

LT©JS» (->3-h) «206i, 
ttlt 2 O 2 t ?=7 O > KS»{* 2 O 4 i: (OMRSn 1= 

br**u 2 0 8*<^*^fc«& 

mffla?i*2 1 0 4tiiiT6«, &m&ss «wte» 

2 O 8fr6**JIHMt2 1 O^LTft^ffl3S{*2 O 2 




IB) 



■zoo 



202 

J- 



-210 



-2085 



208a 



204 



-208 



(2) 



ftffl2 0 03-1584 19 



HS*W#<DffiH] 

mmmzmm&'mtzz.tuK, nfrE&mngs&^&iiaE 
&nmm&*it Lxm&to.mmmmz&wr •& ct^ 

[»#*4] fJlB&&¥fS .1:1*81 

F7>ft. 

r S 1 ThW 4 tcE®(OiS» F t 

6 ] '>£ < t *fltEiMtfll3W*, I5fi5-y 5 ^ 
>K*ft EEfc«/B3M*;6<«tIi8£«±<D*{*/<$-i/ 
fc LT»J*$*iTU4 C 175M 5 

l=IH«fl)j£FT>T-±. 

[ffl}#*7] IM3*FT>«-**«c< £4,3JI©#? 

E2©E/<*->fcLT©inBEEfl«H*i:, R&SJB 

3St* i: EEEEAMM* t -5 fMMHWX 

-;U= «fc y *E**iTi** = t »4*«&-r «BI*4I6 ic 
IBK©i£Fr>-T-^-o 

£js#-r EEWiMMEaEEEci&jfts 

:fcfc£«#fcl=J:y#J**:fcSC±*4*«i**«*8 
7f=fBm<Di£FT>T-±. 



c«*^9] EE&wn«f*&ttE*?4:/K«{t& 
[■mux io] < t i,ffi&mMmm#. mitr? 

1 JbS. 5 lz|Effi<DiS» F 7>f 7. 

C»**1 1] tfJEi£F7>T7-£'>&<<kt,3ff<& 

^■eStlRlf 4» 2 >t LTcOHflKJSmfflag 
R£Sffl&»£&2OTi:9S«/9g&$&A,'T?ttl6] 

f £»3 LT0>frE?94> K*ft& * 

EE*?$:/hTra£WE*««»{*i$iMM-. 

«<&S«i&j&<x;u— *— jui= J: y *tjft3*iTi*« c<t£ 
i oizE«a>«FTi/«-. 

£$&*-*-«&«¥»«<. aaE-tr^s 

£>B#J11 i i:fitO*F7>ft. 

£$£$&*-*> x;u-*— n,mm&zti* 

zbzftmb-tzmxmi i tE««)aF7>ft. 

[St#3g 1 4 ] jRIMMMt & v SJfe^ffl^ftt HH1$ 

mm#bm&#m> ?«*&$»«-#-«&«¥«£. 
mmmmmmmz^n-r z&nm&b $tt«F7>f 

(=i&«jii*tt$jiERu mift«ffl«{4:iciirEirait»« 

Stt-r * C b iz «fc y , mtei&&t8L3&fr 6 Kl&SfflSi* ^ 
LTIiIEiStltffl#«:l=*&«-r -5 C t ^StfrSffl F 

mmmtmmmz&nirz>®'m®&b *^t?i£Fr>T 
KHMt-r * i=K^s«#f*i=ME^i«»^^a-r 

*fc*l=» HfElfc»ffl38«:<D»tt**A*CtlcJ:yT 
>^±iS®$ ft 5 C i t-T-Sifi F T>-r^-|cfc(+ 

[00 0 1] 

-t<D«&®*^. Mtfl:f(D«SJBSao9nB907>T 
E«fl:«»9i=ffl*ii**t4iS6F7'>^i;*j^r, r 
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[0 0 0 2] 

7>-r*£«g§*{bU tft«jAtt«tt£(=fi*ft0£Ski* 

T$&m^T-o-<>e-^>xs^$iay^< Lfc*a>-c 

CCDf9#i£F7>x:>-£MlC<£gS^bU 

*«if, $f=-<>tf— jf>xs^$sty^<-rsfc«)ic 

14. St 1 J fllf fc%«l=»*6*¥»#£«#l::-f *U4<i: 

^ o 

[0003] fc&o&FTisT-t-w-mzmi i-^-r. 

El 11*. -|fil=j£<m*&:fcTl**«^F7>-T-*-© 

ooi4. @i i=*-r«fe5ic. «&H<D33«££B-eft^ 
$+ifc5s^««)fititfflms (ftstffl^*) i 0 2t, c 
©aitfflmeii 0 2tran$(is-c-c»isjLTffie$4xfc 

75 ^> KtS (£f?9:/K*{t) I04t. 

1 o zto-mmtv^o^ Kffii o4t*»«-r«ji* 

fSt LTtDEiSfc (->3-M tEl06£. ttStfflSSI 
1 o 2ic$SB"f -StSS&i&i 0 8t$*Li:^S. ttlt 
fflftin 0 2^a>l&mi*. fllxiS. ^7-5>Kfii 0 4 
<o?iisj: y jigassK 1 o a &®f$.-tz>m$&'r--7)\'V?f 

l\ ®mWT— ^JHWMWH O 8 al*?7«5>K«1 

0 4i=»«£*u Ptt^r- ^KD»tft (Xi4$sae» 

1 o 8 bii, mmi*— ?ju«>tttt<f >tf-y>xt« 

F7>ft 1 0 OCDA^l'T >tf— •y^AtCD^^A^n 
■6*31=. $gS£#0>8c5tffl®!£ 1 0 2<DaWSt4fil=S 

fiP*. C<Dft*<Di£F71/-r:M OOtlt 
H@!=*-r«*:5!=, l!tltffi*«-1 0 2IC*Sa«S&1 0 8 

**jftT«Pitt*-7ji'0&tt <xi*ip-«ei/) 108 

[0 0 0 4] 

[36?8A<®*UJ:-5t-r«»H] i£*. 8?&mfi^0>&. 

BM*»<ia<iiffl#£»tf-ca3y, cjircffo-cMMistt 
6. 

[0 0 0 5] ±JELfcJ:ai=. aF7>f+tt. SS^S 
Bt?<0rtK7> : r-^i:LTfflC^*i€>Ct*^<, <h£ 
fl:A«»r=#«)6+t«7>-T-^i:S*4. 8«*B3l::* 

*— i=*y#*<»tt«<ot«)4<fcy, iF7> 



■5. 

[0 0 0 6] ft^J5E«»l=j«l**LrflStx 
€>*i«fetf>, i£F7>T"*-l4s *<DA:*Jf i'tr-^X 

[0 0 0 7] 05x14. H 1 lC^Lfc^*<»i£FT>^i- 

ioot mtaflMt**? s * • et8is?a>!6«±i:ue 

» 10 8iS^ ('>a-h) «1 06«b:A«J:yjS^< 
C (*&*e» i 0 8©^ 

ftflJA^n 1 > fc©g£*<sa y i= < < & y , 

ilKfc-Sfcl^lBMjtffcofc. *0)tzlh. «t*<DJ£F7 
>^f-*-l 0 0i:igi«<DlllflE$fc.S^2ittllT?iaSLr-t: 

[0 0 0 8] IP*,, 01 lZ*Lfcfi63lEa>2»FT>X-*-1 

ooimu 5oQ^<D$&a«^ (sioe 

(J&m tf » 10 8 (OficStffiSS 1 0 2 ^£>&&&S] 
ttJSIS- (>>3-h) «1 0 6lzia^fiSI=f!Be>4i'5wt 

tfcy. gim-r*tis. -f>e- 5f>^B^*<uiyic< < 

[0 0 0 9] ^S¥9-9 80 1 5#^ 

«lClB«**irL^<feo[C. /<7f7>fttBL, /h 

*©fcto<0«fig (fiL. i£FT>T-^<»«fig7?li^L^ 
TV^^-lcfc^T. Ztzthlz&lz 

fc«fca^a^-et. ««tF©^#»ojSFT>^-*-iis]fii 

[0 0 10] 7>-r:H*a££SH»=l6)lt8ta«- 



(4) &M2 00 3-1 5 841 9 



S&fl-faicl*, i£Fr>-r^-i:^<oj£F7^±lcifi 
Iff h®& £- O<0 r £ r tttf-* fT^*l+ 

tool 1] L*LfcA<&, 8S?S^lS3l0SSI£giif§-f 

&ttot3:&mftmmfc LTfrbiS* F7>-r-f-<0t8tf-£B8 
6IHI=^*>fcl*C4:fcfcy, RtmoHflLhttU*. *<© 

W»tel=»*^1IB«:*©"C**Ci:, 1=10*. (2) H 

[0 0 12] fCT\ *Jgiif!<OBfi*ll*. £l>©Ba>/S« 
MHftl=fclvc. *&f«K©#tt^>bf-Jf>Xt7> 

& jgttttai =£ it * r v-r-^jg 22©msiM#i4i=*f 
!=**« 

[OO 1 3] *S6W«)f6<DSMr*. Efc, 

««<0i/7 ht?<D71/^IBS£tt5l=*T3 = 

f t *<ois&:£at£ ««f * c 1 i=* 

[O0 14] 

is* >htLxo>m& mm) &&'mmm» mm) t 
mtmnu* mm) tmmtLtzzmmmti^ c<© 
tknmmt* mm) zftLxmrnmux* mm) r=*&* 

[0 0 15] C*U=J:y, fflF7>^-£ft*«fcy*M 
«>aSF7>*T-&PMW=, £^S?«*3[=33^-C7> J r:J- 

[0 0 16] ±IB©2fi«itfcfc(+*ttltffl3?tt: 
<0ff2t*£&*£ Chicly, ^«JB«»nS. £*3S 

[0 0 17] C*l(=J:y, T^-f-^t&SiaS&tfKl'tf 



[0 0 18] LA^LT, *»«<D-«MSI=J:*U*. 

ttsim&mxxMft Lxmw.ztitzVv'tfi' w#t. 

m&SS,k£#t;i£F7> J f-*--C*feoT. ffrfB7>^-x 
fc2fiftii£U im**mfr&tt4Ml«ttl=Blt* 

[0019] cc-clvo r^9.^>KSM*j i*. t>t- 

^efcOf^^K-eSK £*J:l*. IP*,. j£F7>f 
§?l=fcUTJ3tSg|Hll&^jb<E§£:fcS R FEg&§t£ffl* 
gfflgffi3?<&7>^±A<l|!g*ti.*a«A<-?7'>> Kl= 
[0020] c:i: r&mfflaH* j (*, rf&^SKj t 

r&g&Kj i: r$s^ffl«#j i 
r-fe«<cA*»jg-ej&*A^ JS« (#«) 

[0021] *fc. *^©fi6<D«4§ICJ:*i|f , ttJtffl 

as*.*:. ®mtmaH*tisi!Bzmxx*iftLxmm.i*ti 

Z>&nm&b*tt2LF7>Ti-X&'3X. Ml-. WE 

<t -r ^is» f 7 isT-t-tm e, . 
[0022] itrlEJ&mffl«(*i*, fiffiSS&^e 

[0 0 2 3] Krl3ttltffl*«:A<fittt^J«*^ 
[0 0 2 4] Hl=, t=fcmi2tt^ffl*#, IUSH^ 



(5) 
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[0 0 2 5] ffi, tim®.FT->T-±*'PU< ti>3m<D 

L-camt&nimmm&k, mtstmrntokxiamtitx. 
it-t? s v ^ ae^^-e^isj-r 2 a>jf/<* ->t l 

-tr 5 s v v as £ ftb-cAM-r a m 3 <DSj - > t u T 

[0 0 2 6] CwT?. ffTSBfcJlt/B*i* £11*13*7 

[0027] ias, rfss&s&j £ rtts/a&ftj 

[0 0 2 8] f LT, *^<0»J11(D«*il=«fc^lS, » 

t -r * i£ f r > t- ±i = *j 1 1 * t& *m t> ti a . 

[0 0 2 9] **IB<DH[-9Hl<Dfi|ffllZd:*tlf, 
St3tfi!SH*:£. Kftltffl#tt:<traHI$llT-C»|S]LriB 

J: y T >^r:MSg£ ft oZk £ W&k "f S2» F 7 
[0 0 3 0] rj&atffiSfccDffM*££*.*J £: 



[003 1] 

[2§SI?CDSiS©ff*!fi] 1UT. *2SE<D3gi£<7)fl*®$. 0 
®$#SSUoo$6lcmtt:MlciJiB^-r5 0 02 (A) 
f*. **B^<D^1 <DH^J§lC««j£FT>T-*-ro** 

«tj*£*-f**Sl0-efcy. 02 (b) (*. -?-<D{ffl00-e 
ccaFTVftzooii. 12 (A) .atf 

(b) ic^-r<fe5ic> jg^^fig^rv-f-^xu^^h 

(2 0 2. 2 1 0) . 7>ftll// > h (2 0 2. 2 

10) krm£mxx*ttoLTmmz*itz7=?<5ism 

{* (204) T>T-±XL/jt>h (202. 21 

o) ty^^i/Ksift (204) t £mwi-t%&&3-m 

(2 0 6) £. 7>fflU^ > K (202. 210) 
K!SS-f5j&mig3& (2 0 8) k F 7 >-ri-X 

fcoT. 7>ftlW>h (2 0 2. 2 1 0) 

mmw (210) tstttffl^i* (202) tfimmiz® 

(+e*vfc2S1fjii:L. ^S^K (2 0 8) frl&Ztm 

mi* (202) i=mgf&m-r-5ct>a:<. (2 
0 8) ^e>ismE&ft: (210 iitLxmmmmw 

(2 0 2) ^=f&^-r■5^:t^5SI6^^LTL^^>. 
[0 0 3 2] HI*. C«5j£FT>-r^-2 O Ott. 02 
(A) Jttf (B) l=^TJ:5I=. flCltffl3Stt:2 0 2i:. 
ttltffla9»;2 O 2 kfUlfftZmxXXGl LXWimZtitz? 
5<7>KS»2 0 4t. ftltffl35<*2 0 2t^'t7>K 
«ft2 0 4t^^-r*SSS^StLr<»SJS (va- 
h) fi206t, «tStffljift:2 0 2i:^7'»K^tt:2 

o4^<oispiinics!3$^. &nm& (^me» 20 

8*<S^$*lfcJ&mffl^tt:2 1 ot*«jtrfcy. 
tSSS (t&«e» 2 0 8A^t.^emffl#^*2 1 O^LT 
StStffl#fr2 0 2Ict&«-T4«lfiE**L-CL^o 
K ($&«t*» 2 0 8^t,tgaffl3H*2 1 CMD&m 
I*. •ifT'7>K««:2 0 4<OW®«t:y|&^}SK 

2 0 8*«|«e-r-5^>r-^U-eff^, ttRM4— 7JU 
©WW* 208 31*^7-^ 2 0 4 t=&g| 

^sa-T— ^;kdss (xi*j&atf» 208 bii. mm 
<0A*-r>e-y>xi:«)s^Aqati€)<fc5ic. t&nm 

m#2 1 0<D5i«^SIcgm$4x-S. IP*,. ccoseF 
7>ft2 00T-lt l^0[C^-r«fe5l=. S!cltffl3?«:2 

0 2-ci*<i:<. &nmmto2i o^&n®&2 0 8$m 

Zf (Xtt*&mtf» 2 0 8b$ 
IfittltL. «&mfflaH*2 1 0$^L-C&Stffl3?(*2 0 2 

[0033] ^mmmmxit. &nm$fr2 1 oj*. 0 

2 (B) iCilt-f (>>3-h) «2 0 6l=g 
«l$*t5S» (->3-h) fi2 0 6A^ft5tffl3?l*2 0 2 
kf^^y K3W*2 O 4 tfl)IBRIrtl=S»**LT^-5o 
[0 0 3 4] *fc, *HffiJBt§T?l*. ftStffl**2 0 2 

ttffitti^KE^tiTus. ^m^3s»2 1 ot. mtm 
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2 o 2 1 m&amm $ fcu-cms y £ a ®« s^-r 

[0 0 3 5] ffi, «Mt Lt. B*l±L&lVbt. fttt 
ffia9tt:2 0 2l*ffittlc^fiEL, 2 101*, 4$ 

ttifc(.M*iattl=«Ua LXii SUo £fc, fitftffl$f*2 0 
2£$Smffl33#2 1 0©&;*£8#U£(,Mi«#|=fcfig 
L, JS$& (va-M ffi2 0 6^g««*i:Lt 

[O 0 3 6] 03 (A) I*, fi£3SOjlF7'>T-M 0 0 

<r>i&8tmnmi 0 2U*^afc@iffe«, 03 (b> 

1 O£±fr«bj|fc0T'fcy, *<Oft#tffl3|{*2 0 2£56 

[0037] ^ms^e-ei*, iu B2c:-t*i?*i# 
>-r-*- 200 cD&msfr bH.fc'f > e— 5c>x$m«^i 

[0 0 3 8] CZVtt, «tIS16ffi±IC^ai 5mmx 
3mmx 3mm©jit*ffllF7Vf + 1 0 0^:^1(0 
ftJS§£>£ F7>ft2 0 0 L , *tl?tl<D&m& 

111. 2 1 3$^b$1i-f&m^AME)^fc'J^->PX 
£j|f=. ■T^'J-ttafclWM. 9X107. J3£ 

i sttmomitm-emi&Ltzo (va- 

h)«106. 2O60)fil$y = OtU 
■6$S«j£&e£3fcto. -C-C^b$&m.«i4e$±0. 5m 

3|E<DiS!F7'>-T-^1 001?liy=1. 5mm. *HJSfl) 
}B|g<Da»FT> J r±2 0 0"C?liy = 3. 5mm©&SIC 

X i: 7>-r:*-flM> hf-^>^. t C i: ffx- 

ftoT, *HJfi(D}gJ|(03!Fr>-r+2 0 0f 
tt, «6*(Dj£FT>^1 OOlClt^ <&mjSfiMA<S 
% (*>3-h) tE2 0 6fr&J:y3<&ofc. 041-ft 
3R<7)jS»Fr> J r^1 0 0, 0 5l-*l§ffil<DJ&|g<*>i£F7 
>T"*-2 0 0fcfcl,vc, S£*<Btflfc£:£. ^-ftfrf,. 
l»SjiS*-t!h.-?*l±0. 5mmt7t'; hStfctffl) 
X£X^-V— h$^-T. &fc\ JI£&«5BI*3~5GH 
:StiU S57>T"^©*fiS*iaH*4. 25GHz 

[0039] j&S&SS 1 08, 2081*, -fctl-etutSfc 
Lfc5 0QS©«tM (^1±Y>e-^>XA<5 0Q 
(D&SJgSS) T5&y, C<0 5 0QA<R(7)ef^l=3(S« o ffi 



So 

[0 0 4 0] ttJlE^-CI*, &SjSttB£S*ttE^e>* 
*V^H±0. 5mm^7-fe^ h-r^t, ^D7Hfci 

*5 0Qfrs>;*;#<-r;h,Tl,£?<z>l::*tu *l^!fi»® 

— ho>tpibr-&& 5 o q j^s-efis-rMx-cosi*. 

[0 04 1] S@J:y, *||J6<C»®CDi£FT>x-#-2 

^ffl^T, **\ @1M@3 (A) IC^Lfc(S*<OjS» 
F7>ft1 OOlZO^T. *<D5££jfc#*i£tSgL 
fc. C©t3t«)lF7>ft100-eii, 03 (A) IC 

^Lfcttstfflmsi o 2±o>y jat^tf^aoDMi^e? 

10 2a, 1 0 2 b ttifiKgaSEaJSS^fi*., 
te3t35i&-5. i1&^i3 (A) lcjj*Lfcft*(Da»F 
7>ft100-Clt ttStfflm&l O 2jKDy»£WT 
£210>i55x -j V i o 2 a , 10 2b ttifilclfcoSfcafcl* 

«A<jiox»/i?SP»[c|&S^l 1 lAtfigLr^-Sfc 
to, «£«j£i 1 1 *tfiS-T-i)<W<Ox-/i?i 0 2bftilil: 
&.-3JZ&21ifi<tk&miz J: y iL$ *t£ fcto £ #*. 6*1*0 

c©«t-5'Siftltfflm«i i o 2'>.fl>ia^$&«r= < fesnsLt. 
fcii^. &itfflmaii 0 2^e,js.&7>^-#-xL/*i/ 

[0 0 4 2] (Sl«l~li«Si> £ a U-S - 

^ffl^T, ^IC, *H!6(DS*8g<Z>a»F7>T"*-2 0 0K 

©ia»F7'V J r-^2 0 01?l*. ft3fc©a»FT>T-f-1 O O 
fctWt. 02IZHST-, 3=fcEl3 (B) l=«©T?^L 
fc»«tffli»«: 202±<0yttt Wr&21CDiS5x >y *j 2 0 
2a, 20 2bttifii;m35<&S*2**<:3i*., -t^ficlt 
3Stft5*<, S2M@3 (B) lC^Lfc&ltffl»tt:2 
O 2±(©ytti:¥fT'Ei:iZlCDffiX-;i?2 O 2 a , 20 2 b 

[0 0 4 3] Ciftte, <&Sffi^«:2 1 00>X-j;i?2 1 0 
bfiP»IZt&m^.2 1 3*<fifiLT^-5)t<Z>(D, tt*t«^ 

i*2 0 2i=e^<&m-r«(D-ci*«:<, &nm&#2 1 o 

*^LT|&SUT^-5fcto, ttltffl^(*:2 0 2±©y«| 
£¥ftfcj2<DMx«.yS?2 0 2 a, 2 O 2 bftfifilCjfcOJt 

ffi»A^misi= <t y *<itiew^«: < i&m-e 

#«fctotit^**i^. -E-LT, COJ:5fcttStffl3?i* 
2 0 2 'stDltJgl&miC J: * *1-aAt'>& l^ Cit-f>tf- 



(7) 
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[0 0 4 4] SI 6 (A) 14, *S6IS<Dm2©SIJ£^lC 

(B) I*. ^a>fi3®aT-fc-S. C<Dj£FT>^-f3 0.0 
14, i£Fr>^^-iLT(DS*«J5£liE2 (A) 
(B) <Z)j£FT>T-^-2 0Oi:B8l^--C-fe^A<. $8^*8 

3M*3 1 oa<&& (>>3-k) «i2o etimmztix 

3 1 0I4, SS& (->a-h) «2 0 6i:l*lSira*^ 
O, tt3tffl£<*2 0 2£??^>K£fc2 0 4i<©flipS 
rt[-S&£*VC (/>■&, C©«fc5£&J5S(Dj£F7'> J r7-3 
00t, 02 (A) (B) ©I F7>ft2O0i 

mm<Ditm%}mzm?Zo ft. ^jUfi^sgoitFT^^ 

t3 00fli, tgmffl3H*3 1 0*<®S& (>>3-h) « 

2 o 6 tizmmttix^ui^tzfi, z<D&nm&#3 -\ 

o£3tfc-t£fcat>i::, 16 (B) KaMre*? 

miZ&mtofrZtfLZX*— 9-3 3 0SjfAi£t^© 

[0 04 5] *f=, *Hffi^l§l=fcl>-Ct, 
2 0 2lifittl=«£ije$*l-CU.5„ *5Sffl«fc3 1 0'*» 

[0 0 4 6] 0 7I4, *JgtiH<DlfS3<D§tffiJEMglzGi.5a» 

^7-4 0 014. fflFr^-x^.tLTfljm^W'SmfiES 
31(402 (A) Rlf (B) <DjS»F7 , i/T-^2 0 0<tllSI^ 

[0047] SI3*., 02 (A) &JS (B) <DitFr>T- 
t2OOtH0Sl:. C(DjSFr>T-7-4 0 0l4, B7 
!=*■*-* 3 1=. »3tffl3H*4 0 2t. Sc3tffljSft4 0 2 

m-tz>m.&5-mkLx<D&&m#4 0 6t. n%m&&; 

4 0 2 t^3^> K3H*4 0 4 t<DHflrtlraiS$*l. 
*S«I§S& 4 0 8 A<gg! $*Vf=$Smffl^«: 4 10t$ix 
-Cfcy. «&m®»408A^f,*&mffl^(t4 1 O^LT 
&ltS*«:4 0 2l::t8S-f -5«fi££:&LTUS. *L 
T, C*tbft*tffl$f*4 0 2. ■if7't»>K*(*4 0 4. 
JS»SMM0 6. RtH&SJBSMM 1 0 4 O 
8 0D-S?£«fi£-f S*8l§&4 0 8 L#, -tt(D, 8l*.f4 

7 x J — ;ug}BS*ffi 440<©SiB445 $ *vc t > 

a-r*5i=x v y>if*fT3. fl, ta*sa&4 0 8*« 

f£f ?JWWMH* 4 0 8a 14^5 «5 > K«ft 

4 0 4l=»tt**U tSg®8&4 0 8fr&f&ttfli«<*4 1 
O'MDlSflite, BIB*— ^UDS84 0 8b £J&Si&4 



0 8 Lt*fiS»«LTff5. 

[0048] COJ:5'a«JiE£Di£F7'>T-7-4 0 0t > , 
02 (A) fctf (B) C>mFT>-Ti-2 0 0km&<Dft 

mitomzm-tz. ft. 4>fc<i:*,»i*ji!3n*4 0 2, ^ 

7^>K3?tt4 0 4. ItflfllWM 1 0 A<8tl]§a«±G) 
m&f<l*->kLXMf$LZ*lX^titt§k^o *3I 
ftKS-Cli. ±^LfcSlfig^$7x/-;u^8iS«i4 
4 0(08554 4 5<0^[C»fiEUfc*<, -S?<0«fi£Sili£ 
S55 4 4 7 lcj£filt"f 3 1- LttfiU, 
[0 0 4 9] ffi, t^tUt, H^OiSSFr^xf-^ 

si*«±r^)«Lfc3a»Fr>7 i 7-4 o o km&<»ftm%] 
&zmtzio)k%K$>*i&. ft. 'pf£< tt&mmm 

fc, *9«»F#tt* $&mffl^(**<-tr7 5-y^*«±© 

[0050] 08 1*. *§&w<Dm4<Dnmi&mizmzm 
F7^T-)-<D&*mi$.zm*mi®x'&z. z.<d&ft 

>x7-5 o 0(4, mT^Ti-ZmBS&tiiJLizi&aLLtzO) 
(407(Oi£FT> J f7-4OOi:l5lfl|-e36^A<. 2»T>T 
7"£ #B8tflM*fi±lz^j8 Ltz&xmK&miltb Sot 

[005 1] BP*). Cfl)aF7>ft5 0 0(4. 081= 
*-TJ:5(=. «tftffl««:5 0 2b. n$tmm& 5 0 2 £: 
ram^RlTT^raUTESS^fc^^^i/ K3>«:5 0 4 
i: . Mffl?»5 0 2 -» K5*tt 5 0 4 b £ 

**JBIi*RiLT<>!>»IMM*5 0 6i:. fltStffliBfcS 
0 2£?^>K$«:5 0 4£«>iaB§rti;&g;*;fc, |s 

mi§s&5 0 8j&<}gs&$;h,£$smffiastt5 1 ot^sit 

fey. te3$f&5 0 8*g>|g«ffl3M*5 1 Ot*LT» 

atmmws o 2 iz&nirzmj£&&^xi^ 0 *lx. 

WLStm^W 5 0 2, ^7-» KSft 504 XVf&S^alS 
{*5 1 0*t. «8M*t55 5 0±lC3g(=MoT^BE$tl 

[0 0 5 2] CO&olZ. *SSjS»©-C(4. iF7>f 
7-5 0 0*3)l»SiS«[-e«Jjg-r-5. 08lC^rJ:5 
* 1 ->-Ctt4MMHt 5 0 2. ^BggJJ 503 

«fl^-e. Sg2B/<$->-c«ssffl***5 1 o, ffiSis? 
■BosaWz-e. *3ll/<*-2'-e??4:/K*{*5 0 

4$»fi£-rSo *f=. JJtStffla«*5 0 2. J&«ffl#*5 
10, ?3'5Z'\ : m&S0 4$ : 1a&?Z¥mkLXit. 

msa&R 550 a>{n00(=s««t» 5 o 6 twm$4xx 

l^o Hl=. 73''7^\:ttM*5 0 4ktk'mm&&S 1 O 

t*sa-*-4ie«aB5 o 8i4, ^xiu— 41— y 

«J«**iTl^. «tffi£«5 5 0l4. mSLtit* 

9(4:5 0 4, SS8ft5 0 6. JSmffl^t*5 1 014, 

[0 0 5 3] C<©J:5*a^t<oa»FT>-r7-SOOt,. 
02 (A) RXf (B) <D2»F7'>-r7-2 OOAr^fllOft 
(Si, *HJfi»ffi<DIE»«4:LT. 0St 
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ttt&LVfiff. S$S^tt: (5 0 6) gJtX)l,-*- 

¥xju— *—.;uc «fc y mdt Lx 4 & t*. 

[0 0 5 4] 0 91*, *f|BJom5(0l|J£^fi||;«SjS 
©141 8 F 7>f t 5 0 O i l^i-CfeS^ jS»FT 
[0055] BP*,, d©j£FT>T-^6 0 0l4, 091= 

*-r<fc-5i=. tscmmm&e 0 2t, #.fttm&#602t 

WPl£PBTTttALTESS*ifcy5^>K3H*6 0 4 

o 2t<f : y^^m»6o Atorammzmwttii. *s 

0 8A^a**t-5$&mffl#f*6 1 0 t$®Z.X 
t$ y , MttB 6 0 8 &MMft 6 1 0 £ LX tt 
ltfflS?«:6 0 2fc$&m-r-5«!fiE^*L-CLNS. *LT, 
ftltffl3*{*6 0 2, •5^'!7>K3l!8:6 0 4.Rtftamffl3li 
t*6 1 0A<. ■fe : 5 5'y^Sffi6 5 0±lC3Jgl=Mor^ 

[0 0 5 6] C©«fc5l=> *HJfi»!§-eii. 2F7>f 

6 o a 3ji-t7 s ■y*&&xmf$,?z. S9tz^-r 

J:3I=. SHJf/<*->-e«£tti3?{*:6 0 2. -tr^S-y 
*»6 0 3 ft2J|/<*-:''CMJIH|{t6 1 

O, t7 5»^g6 0 5$S^. 8 3 Jf/<* 

2. &nmm&6i o % Vy^^trnweo 

4¥StLttt, $E$&£fl:6 0 6£, @9Iz^1"J:5 
l=. «fflM««6 5 0 <D-^SlJ|C^fiE$*lfc3O©S5v:^. 
;U— ;U6 O 6 a „ 6 06 b, 6 0 6 c Iz J: y#|j£ L 
Tl>5. ffi, ^5-^ K3»f*6 0 4ijgmffl#tt:6 1 O 

So »atffia£fc:6 0 2, ^ <5 -5 > KS£{* 6 O 4 , Mffl 

as#6 1 oi*, m4«)iiis^©igi«iz, en^is, mt 
^icfcyftssfts. 

[O0 5 7] C<DJ:?&mj£CDj£F 7^7^-6 0 0*. 
02 (A) &lf (B) 0)j2FT>-r7 v 2 0 0t|^S(Df^ 

^l*Lfcl^*t, $S»ag#: (6 0 6) *;U-*-;K 

y WALT*.* I*. *— JH?IMp<, g4 

[0058] *mw<r>%G<r>nmMmz&s>Tis 

[0 0 5 9] iSlFT^^ro^jSSjffilSl*, JfcJtffl$<* 

(«S) 0JiM*i=J:y*£oT<£. Eio 



(a) ~ (c) 3 1=» mz.n. stit/sstt (m 

ffi) i:«ya*»Xti4 [BBS (a) #■] , 
fSx5 [HE (b) #J8] , XQ-y t-£A*i.5 MB 

(c) #n] zf$m\ n%t$k£&itzi*z>ztT-#:&. 

i2F7>ft 1 OOrit 01 IC^L7=J:5IC, ftltffl 
181 0 2I=MM (MIR) 1 0 8£BttltLT^ 

fcfc», ssai®ssfT7t»st^mfiii 0 2±©H35 
MAWscitfty. misk (MS) 108 

«»HS£?t5Si::M*IS& (MS) 108£<*M> 
e-$f>xg^£s»yia^- (S^A<is*i.sjS«^fis$ 

[0 0 6 0] CfUzStfU ^BJCOjSFr^^-fT-tt, 

&m*ts§ (MS) fti&ttjrawt (««) icng&m 
*-ctMi§K (MS) to* >t?—st>xm£itm 

*l|c<c> 0 (tot, H2S&lfig£fr5fi[=M£<iH£ 

[0061] *SIJS^ffiT-li, ficttffl^ft: (m«) 
tt*S^.rs*aiSS*ffort, Mm (MS) 

1 04 > tf-y >^S^ $«#T7 fSCi SJtg^Sfc 

ttttffl^t* dffi) i=«yii^*A*Lfca»Fr>-r 

1 8 mm x 3 mm x 3 mm£>^Jf StfiMgt&ICiS! F7>T 

011 (a) |C*-TJ:5K, («S) 
l=tty&*$A.*i.«<.tJ|6. B0 (b) lz^-TJ;5l-, 
ftltffljSt*: (SS) (D©I=S*L8 o%a>«jy>i^$i* 
A^lfcS^, Il<i08 0%<7>«iyjiiV$, P0 (c) iz 

^■r«fe5i=, 2*A^fcif^<©**t-etii=ot, 

2ic^-r„ 01 2A^c,, «iyii^$A*t-sc 

CJf-^D^) (a) , (b) . (c) 

?'<T<Di§,-&lZ-Ol\X&&m&lZtS^X. »S-30dB 

eiTiz^oTfcy, &mmmm<is-? hLTti->e- 
[0062] mi^x. meommmwtOT^T-i-mmys 

&0&mmtLX. i£FT> J r^-<»*ffiSaKa$2 0Kt 
±IC-TS, fiP%, jS»FT>T-^<D^S^t*ff5«^lC 

I*, -«B«JI=, 013 (a) St; (b) IZTHt^OlZ. 

mz.it. &%mmi* (ma) icgM^^Kits [1^0 

(a) #fig] . fitltffl3S«: (Sffi) ^2ei±lZ»{t-t*l 
•e*t©fi$$ggS.* (B0 (b) #JH] «?*fr5. L35^ 
L'SA*?), fi£*(Dj£FT>T-7^1 OOUIt 01I=^L 
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8 tattit Lx^fcfcto, *^£>£*jnb£fr5 t«tit 
fflmffi i o 2 ±©m35^*<^{b-r « c 1 1 ft y , nn 

«3H&) i o 8 tW^e-if^S^Wj: 
<ftS. C«)iS*. teBISSg 108tfl)-f> 

[0 0 6 3] C*ll=»U *f§BJ<Da»FT>-r±r*li, 
*&StJltfflSH* (*&) Kltfttttt 
-rSCift<. IMMW***LTl&«LT^4fc*K 
£#JHb£ft?fctol=gtStffl## (*&) 
Tt*Mt«* (IMS) t©-f>t'-jf>7g^l*ffl^ 

[0 0 6 4] Ml-, SS6(D*lS®e<0T>-T-MHSE*2fe 
tD^tJI^i. «*.tf. 11 3 (c) f= 

^ttan (asms -r-scfc*«aa»* 

ft*<&, tt*©»F7>T:M 0 0T*(*. BBll=*Lfe 
*5I=. »Stffl«ffii 0 2lz&m&SS (fSSiS) 1 o 8 

gl02 ±<D«3fE#fl>jWb-f -5 C £ t ft y . ism&ss 
(ttU) 1 o 8 1 <&-f > tf-4T >*S£jOTR*ift < ft 
«. C0>fg*. fSm&S& (ItftS) 1 0 8tW>f- 

[0 0 6 5] CfttttfU *^0j3»FT>ir-*-T?l*. 

*afc*fr3fcJbfclMWH»* WtttLiLT 
3gg Lft < T * fcttft-O tf-*">*B££SK£ C i: *< 

[0066] ki±. *few*»s©njfiJBffifc-3t^ra 

mffl3S(*2 1 0©X-yS?2 1 0 bg?#l=*&S£2 1 3A< 
ttBLTl*«flI(=oi.vCtt9JLfe*<. *38E(i, J&SiS 
2 1 3 J&<£SS13H* 2 1 0<DX.y*}2 1 ObS» 0*1* 
(±, x ry v 2 1 OaM) (cfigLT^-5S^I-®&*t 

(Mil) l=fiSLTt,fi<. l&«ffla»ft<oe^|6l*Al5 

[0067] hi=, GEmzutomz 

2 0 4fr6O«) - »S**U*\ t&mffl*l*<D»^ffl 



(A) fttf (B) <DjSFT>-r+-2 0 0i:S*»(-ra« 

[0 0 6 8] N« ±3KLfc*l©JMS»tt"Ctt. 
3M*2 10I4, 03 (B) l=*Lfc<fc?l=. »ltffli§t*: 
2O2CDg$0>B§i»i#-<7>fi$ (SSJtA<1/2) l=ff£j£ 

*£l=fc. 02 (A) Stf (B) (DiSSF7>T-72 0 0 
&reni=nfltofHittJK*<tt&*i«. 
[0 0 6 9] C<&ii£, «fltfflig(*2 0 2© (y^ 

[£» (i/3— h) «2 0 6Sf] ©m^fttLT, 7 

t&«ffl3l{*2 1 01=1*. **ystt*f*Ao-ct^ft^<o 
T*. Itftfll*{*2 1 01*. tX0ttlWi:iitH4ltl^ 

[0 0 7 0] 

[3BIS<oaft] JSLhKWLfcJ:3l=, *»WI=**ttf. 
05xl*, 5 0 Q^roteSjaK^fflffciSFrv^lcfc 

« (2/3- h) tf>A^68Mifctt«l=»*. ffiot, -f 
>e-5T>x»^0)lS*l*|&afii11©ttH36«l£<ft*. 
[007 1] $&m«lffi<D«tt-<>e-y>X<!:T 
>ft©x* -f > e— sr t U^««l=fc^,^ 

St*HSA<j£<ftS. Ml=. <>e-*>*g^a)S5tft-5 

^mfie©©a*tJ£<ft^A^e>, T>-r-+HiB©*aw 
a*«>*<bi=»-r*«*as«i*^ft<ft«. 

is f 7 i/T~*- $s«-r « C t # s . 

[0 0 7 2] jgl=. Sltffla<*(D^ttSIE*-6Ctt=J: 

(««9R) 5f>xs*«Biye-r<&sA<«i 

gl=(T5-4:A<pItlr'fcSo 
[0 0 7 3] 
[@®CDSmftl5iBJ] 

[Si] «3|E<« F7>tt«)i*i*t»tlHWi; 
[0 2] (A) I*. **B^<omiroHJ£»®l=«'5jS»F 

T^Ti-a&Zimmzm-rtmm-Q&v. (b> i*. -e- 

<DfflSSH"efc-5. 

[H3] (a) i*. &m<nm.F7^ j r-)-<j>tmmnm<r> 
w-mm. <b) it. *m®omi<j>mmmmzgk&&F 

[04] WMM6F7>fti:fel»t, S^A*W4ifci: 



[15] *«BWO)»ia)*lB»»fcfll*aFT>^lc 
B^jWDtflfci*. IMUl***l«l±0-. 5 

[0 6] (A) li, *ftHa|(2a£iK*ttl::«*&F 

r>T^-o>»*«fiR**ri»fliB"e*y» (b) i*. * 

[07] *Jgfl0*3Oj|lt)Mlf::««ttF7:/?*-0!> 
[18] *&BA0)%4<Dmm&miZ%Z&FT>7-)-0> 

[E9] «*noflt5o>»ife]oai=««a!Fr>^d!> 

[Eio] «Fr>«-i=fci+*-ftWfc*w«*H 
**a*#"rBB-e*y. (a) listitfflait* («a> r= 
toya^A^i^. (b) tt^-ogssss.^^ 

* % (c) liXD«; h«A:fc«J|*«-**l-?tl.*'r. 

[0ii] xmBMomemmmmmizmz. ift>t 

y. (a) ttSfcfffflSIf*: (m«) l=«Va»tA.4i4:^ 

(b) inmm&# mm <oisi-«u8o%ro 

«) ©«r=»L8 096<D«iya*S2*Attfc*^$-t 

[01 2] 01 1 (a) ~ (c) IC^Lfc, tttfjfl*ffc 
(*«) l=«ya**Ati«:^»*. ttltffi** (« 
m> <0*SI=»L8 0%<Z)«3yii^$1*A4tfcig^ PI 
8 0 %(D«J y ii^.^ 2 *A*lfc^<D-€-4l^4xlCO 

m&snt c;>-vd« t<DH«^ai^ 

Lfc^«$*-T0-ei6-5. 

[01 3] 6 £L"C0!>a! 

y. (a) tt&StJBSSfc («■) KgttS^SttltT* 

#»<fc*fT3»*. (b) tttammw m) zzu 

(c) i*j»itfflstt (*«) (o*48$*fya«fs 

[*Hfa>Kmi] 

10 0 lF7>ft 

1 0 2 ttltfflmH (lMt/H*tt) 

i 0 4 $r?«5>K* (*?*>K»fl:) 
10 6 (*>a-H « 

1 o s &nm® 

10 8a *M*{* 
108b «S«bf» 
200 3»F7>ft 
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2 0 2 


m»mm» 


204 




20 6 


S$S (va-h) « 


2 0 8 




2 1 0 




2 0 8 


a 


208b 


1 0 2 


a X v 5/ 


10 2b JLvV 


1 1 1 




2 0 2 


a I 4 VV 


20 2 b X-/v 


2 10a X-/ v 


2 10b v 


2 13 




300 




3 1 0 




3 3 0 




400 


$F7>ft 


402 




404 




4 0 6 




4 0 8 




4 1 0 




4 0 8a 


4 0 8b 


40 8 L fSSK 


4 4 0 




4 4 5 


a® 


4 4 7 




5 0 0 


»F7>ft 


5 0 2 




5 0 4 




5 0 3. 


5 0.5 *Mtt 


5 0 6 




5 0 8 




5 1 0 




5 5 0 




6 0 0 




6 0 2 




6 0 4 




6 03. 


605 -b^S^tt 


6 0 6 


ft*** 


6 0 8 




6 10 


*«*§*{* 


6 5 0 





606a. 606b. 606c S7t;UU— ;U 
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